From the methanol extract of Dracaena cambodiana roots two unusual 22S-spirostane steroids (1β,3β,14α,20R,22S,25R)spirost-5-ene-1,3,14-triol (1) and (1β,3β,14α,15α,20R,22S,25R)-spirost-5-ene-tetrol (2) have been isolated, together with a known 22R-spirostane compound, namogenin B (3). Their structures were elucidated by spectroscopic and spectrometric methods, including HRMS and extensive 1D and 2D NMR spectroscopy. Compound 1 showed significant antimicrobial activity against Pseudomonas aeruginosa, Staphylococcus aureus and Fusarium oxysporum, with MIC values of 45.0, 25.0 and 50.0 μg/mL, respectively.
Dracaena cambodiana Pierre ex Gagnep. (Dracaenaceae) is a "Dragon's blood" species, distributed mostly in the north of Vietnam, Cambodia and the south of China. The plant has been used in ethnomedicine to treat ostealgia, congestion, ulcers and pimples [1] [2] [3] . Although species of the genus Dracaena have been widely studied and a number of compounds reported, including steroids, flavonoids and other phenolic constituents with various biological activities [4] , there have been only a few studies on D. cambodiana to date. Mei et al. reported that the organic solvent-soluble fractions of the methanol extract of this plant exhibited cytotoxicity against B16 and SMMC-721 cells [5] . Several antimicrobial flavans and a cytotoxic homoisoflavan were isolated from the stem [6, 7] . In the present study, we describe the isolation and structure elucidation of two unusual 22S-spirostane steroids (1, 2) , together with a known spirostane steroid (3) . The structures of (1β,3β,14α,20R,22S,25R)-spirost-5-ene-1,3,14-triol (1) and (20R,22S,25R,1β,3β,14α,15α)spirost-5-ene-tetrol (2) were determined by HRMS and extensive 1D and 2D NMR spectroscopic data. Compound 3 was identified as namogenin B, a 22R-spirostane steroid previously isolated from D. angustifolia [8] . It has been noted that the naturally occurring spirostane steroids normally have a 22R-configuration and only a few 22S-spirostane compounds have been reported so far [9] [10] [11] . spectra indicated 27 carbon signals, including 4 methyl, 9 methylene, 9 methine, and 5 quaternary carbon groups, which were similar to those of 3. The signals of an acetal quaternary carbon (δ C 107.0) and a double bond (δ C 137.1 and 126.4) indicated the Δ 5spirostane steroid skeleton of 1 [8, 13] . The downfield methine signals at δ C 78.7 and 68.5 were due to the hydroxylation of C-1 and C-3, and their assignments were further confirmed by HMBC correlations. By comparing the 13 In the 22S spirostanol, the resonance of the proton H-20 appeared at δ H < 2.48 when located at the trans position compared with the oxygen atom of the F ring [14] . The values for δ C-22 107.0 and δ H-20 2.20 of 1 closely matched those observed for the aglycon, 1β,3β,20R,22S,25S-spirost-5-ene-1,3-diol, isolated from Brodiaea californica [10] , indicating the 22S and 20R configurations of 1. The chemical shifts of C-23 (δ C 26.1), C-24 (δ C 26.5), and C-25 (δ C 27.4) of ring F were different from the corresponding values of 1β,3β,20R,22S,25S-spirost-5-ene-1,3-diol, indicating the axial orientation of 27-Me and corresponding to the 25R-configuration [15] . Therefore, the 20R,22S,25R configurations were established for 1. The ROESY experiment (Fig 2) showed ROE links from H-16 (δ H 4.53) to H-17 (δ H 2.00), and Hα-2 (δ H 2.05) to Hα-1 (δ H 3.43) and Hα-3 (δ H 3.54), indicating the cis junction of the D/E rings and the β-orientation of the hydroxyl group at C-1 and C-3, respectively. Furthermore, H-20 (δ H 2.20) showed ROE effects with H-16, H-17, and Hα-23 (δ H 2.03) confirming that the 21-Me group had a β-orientation and cis position with the oxygen atom of the F ring. Thus, compound 1 was elucidated to be (1β,3β,14α,20R,22S,25R)-spirost-5-ene-1,3,14-triol.
Compound 2 was obtained as a white amorphous powder. Its 1D-NMR spectra were similar to those of 1 except for the presence of a methine signal (δ C 83.7) instead of the C-15 methylene signal ( Table 1 ). The HRESIMS of 2 revealed a peak at m/z 485.2890 [M + Na] + , corresponding to the formula C 27 H 42 O 6 Na, indicating that 2 was a hydroxylated derivative of 1. The hydroxyl group was located at C-15, which was confirming by the HMBC correlations, which showed coupling from H-15 (δ [13] . The ROESY spectrum of 2 showed the ROE effects of H-1 with H-3, H-16 with H-17, and H-20 with H-17 and Hα-23. Thus 2 was determined as (20R,22S,25R,1β,3β,14α,15α )-spirost-5-ene-tetrol. Compounds 1 and 3 were evaluated for their antimicrobial activity (compound 2 was not tested due to insufficient amount). Compound 1 exhibited strong inhibitory effects on Pseudomonas aeruginosa, Staphylococcus aureus, and Fusarium oxysporum, with minimal inhibitory concentration (MIC) values of 45.0, 25.0 and 50.0 μg/mL, respectively. Compound 3 was inactive against all tested strains. This result suggested that the stereochemistry of the C-20 and/or C-22 could be important for the antimicrobial activity of the spirostane steroid.
Experimental
General: The NMR spectra were recorded on a Bruker AM500 FT-NMR spectrometer and the chemical shifts are referenced to δ using tetramethylsilane (TMS) as an internal standard. The ESIMS and HRESIMS were performed in an AGILENT 1200 SERIES LC-MSD Trap spectrometer and a Q-TOF premier spectrometer equipped with a nanospray source, respectively. Column chromatography (CC) was performed on either silica gel 230-400 mesh (Merck) or YMC RP-18 resins (30-50 μm, Fujisilisa Chemical Ltd.). Thin layer chromatography (TLC) was performed on either DC-Alufolien 60 F 254 (Merck 1.05715) or RP 18 F 254s (Merck) plates.
Plant material:
The roots of D. cambodiana were collected in Langson province, Vietnam in January 2006 and identified by one of us (Dr Ninh Khac Ban). A voucher specimen (EN2-LS12.07) was deposited at the Herbarium of the Institute of Natural Products Chemistry, VAST, Vietnam.
Extraction and isolation:
The air-dried roots of D. cambodiana (4 kg) were extracted with MeOH (20 L × 3) and then the extract was concentrated under low pressure to obtain 150 g MeOH residue. This was suspended in water and partitioned with n-hexane, CHCl 3 and n-BuOH to obtain n-hexane (35 g), CHCl 3 (40 g), and n-BuOH (65 g) fractions, respectively. The n-hexane fraction was subjected to silica gel CC, eluting with a n-hexane/acetone gradient (100:1 to 1:1 v/v) to give four fractions FH1-4. Compounds 1 (12.0 mg) and 3 (15.9 mg) were obtained as white amorphous powders from the FH4 fraction by silica gel CC using n-hexane/acetone 1:1 (v/v). The CHCl 3 residue was chromatographed on a silica gel column eluted by a CHCl 3 /MeOH gradient (50:1 to 1:1 v/v) to afford three fractions FC1-3. Repeated silica gel (eluted by CHCl 3 /MeOH 5:1) and RP-18 CC (MeOH/H 2 O 2:1) led to the isolation of 2 as a white amorphous powder (4.5 mg). ,3β,14α,20R,22S,25R) -Spirost-5-ene-triol (1) [ ] 20 D α : +37.0 (c 1.0, MeOH). Rf: 0.7 (CHCl 3 -MeOH, 5:1). 1 22S,25R,1β,3β,14α,15α) -Spirost-5-ene-tetrol (2) [ ] 20 D α : +35.5 (c 1.0, MeOH). Rf: 0.6 (CHCl 3 -MeOH, 5:1). 1 Antimicrobial assay: The antimicrobial activity was evaluated as previously described [12] . Two Gramnegative (Escherichia coli and Pseudomonas aeruginosa), two Gram-posiive bacteria (Bacillus subtillis and Staphylococcus aureus), and four fungi (Aspergillus niger, Fusarium oxysporum, Candida albicans and Saccharomyces cerevisiae) were used. The activity of the tested compounds was expressed as MIC value in comparison with tetracycline and streptomycin (for bacterial control) and nystatin (for fungal control).
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